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The crystal structures and internal textures in ugrandite garnet showing birefringence were researched to 
approach the clarification of crystal growth mechanisms producing cation ordering. 
The low symmetry garnet typically shows sector zoning corresponding to the crystal surface. The 
single-crystal X-ray diffraction experiments on the birefringent garnet from Kayas, Mali were conducted to clarify 
the differences in the degree of cation ordering between the {110}c and {211}c growth sectors. Structural 
information on cation distributions is crucial for understanding the origin of birefringent garnet. The chemical 
compositions of the {110}c and {211}c sectors were determined as 
(Ca2.96Mg0.04Mn0.04)Σ3.04(Fe0.97Al0.95Ti0.11)Σ2.03Si2.93O12 and 
(Ca2.91Mg0.05Mn0.03)Σ2.99(Fe1.01Al0.90Ti0.14)Σ2.05Si2.93O12, respectively. Structure refinements for 1I  models of 
both sectors were convergent with R1 = 3.02 and 3.36%, respectively. 
There were significant differences in the Fe3+ distribution trend in the Y sites between the {110}c and 
{211}c sectors. The Fe3+ occupancies of the eight Y sites in the {110}c sector were 66.9(8), 66.0(8), 63.2(8), 
60.0(8), 49.8(8), 49.5(8), 47.8(8), and 46.7(8)%. The octahedral Y sites of {110}c can be divided into two groups. 
In terms of symmetry, Fe3+ distribution in the Y site of the {110}c sector appeared to be pseudo-orthorhombic. In 
contrast, the Fe3+ distributions in the eight Y sites of the {211}c sector as follows: 60.0(10), 41.9(10), 62.7(10), 
69.1(10), 55.5(10), 53.2(10), 55.7(10), and 43.5(10)%. The Fe3+ occupancies in the Y sites of the {211}c sector 
were random and different from that of the {110}c sector. Different cation distributions between the growth 
sectors in the Mali garnet indicate that cation ordering in the crystal structure was formed during growth. These 
observations suggest that the differences in the Fe3+ distribution between the {110}c and {211}c sectors are 
strongly affected by the growth process in each sector. 
The lamellae textures and crystal structure in the iridescent garnet from Tenkawa village, Nara prefecture, 
Japan were investigated. The fine lamellae texture is composed of thicker Fe-rich layers and thinner Al-rich layers, 
and the interval of the fine lamellae is quite regular. The Fe-rich and Al-rich layers were stacking up alternately 
with a period of approximately 200 nm in thickness. Detailed observations of Tenkawa garnet reveal that the wavy 
lamellae texture is moiré pattern produced by the thickness change of fine lamellae as it predicted by Hirai and 
Nakazawa (1986 b). Observed features of fine lamellae suggested that the fine lamella texture is oscillatory 
zoning should be formed during crystal growth, and the three-dimensional form of the fine lamellae structure is 
considered as stepped hillock. The summit of the fine lamellae structure corresponds to the ridge line of the 
growth hillock on the (110)c surface. The crystal structure of iridescent garnet from Tenkawa village, Nara 
prefecture, Japan was investigated by means of Single-crystal X-ray diffraction method. The average chemical 
composition was determined as Ca3.01(Fe1.93Al0.09)Σ2.02Si2.99O12. The refinement with a 1I  model was 
convergent with R1 = 3.19. The Fe3+ occupancies of the Y11, Y12, Y13, Y14, Y21, Y22, Y23 and Y24 were 
determined as 86.9(6)%, 96.1(6)%, 90.9(6)%, 98.0(6)%, 95.1(6)%, 91.3(6)%, 93.7(6)% and 99.6(6)%, 
respectively. The iridescent garnet from Tenkawa shows very fine lamellae texture consisted of Fe-rich and 
Al-rich layers, therefore, the refined crystal structure of the Tenkawa garnet should be a superimposed structure of 
these chemically distinct layers. The Fe-rich layer has almost pure andradite composition, so cation ordering in the 
Fe- rich layer is negligible. The Al-rich layer should have more obvious ordered cation distribution than the 
(No.3) 
Fe-rich layer. The ordered cation distribution in the Al-rich layer should mainly contribute the cation ordering in 
the refined crystal structure of the Tenkawa garnet. 
The difference in the general trend of cation ordering between the growth sector could be explained by the 
geometrical orientation of the Y sites respected with the surface planes, however, the origin of various triclinicity 
is difficult to explain only by the geometrical orientation of the Y sites. It is suggested that there should be 
additional factors of kinetics producing ordered distribution during crystal growth such as direction of step motion 





天 然 に 産 出 す る グ ラ ン ダ イ ト 固 溶 体 系 列 の ザ ク ロ 石 (Ca 3 Al 2 Si 3 O 12  - Ca 3 Fe3+ 2 Si 3 O 12  - 
Ca 3 Cr 2 Si 3 O 12 )の結晶構造は，3 価の陽イオンの秩序配列によって斜方晶系または三斜晶系の対称
性をもつことが知られている。このような低い対称性をもつザクロ石の内部組織には分域や細か
いラメラが認められ，このような組織は立方晶からの秩序—無秩序相転移により形成されたと考え
られてきた。これに対し，ザクロ石の結晶表面の成長模様と結晶内部の分域組織が対応すること
から，内部組織は結晶成長により形成されることがその後示唆された。しかし，これまでの研究
では，陽イオンの秩序配列と組織との精密な関連付けはなされていなかった。このため，結晶成
長のカイネティクスと秩序配列の関係を議論するためには，結晶中の陽イオンの秩序配列と内部
組織の対応関係を明らかにする必要があった。  
本研究では，ザクロ石の結晶構造と内部組織を対応させ，結晶成長時のカイネティクスと結晶
中の陽イオンの秩序配列の関係を明らかにすることを目的としている。まず，同一結晶の異なる
成長分域から取り出した試料を単結晶 X 線回折法により解析し，陽イオンの秩序配列を比較した。
この際，結晶構造解析には放射光を用いることで，精密な解析が可能となり，詳細な構造データ
を得ることに成功した。この結果から，異なる成長分域間での構造の違い，特に陽イオンの配列
様式の違いを明らかにした。そして，このような陽イオン配列の違いは成長面の表面構造の違い
に由来することを明らかにした。さらに，さまざまな産地の試料についても結晶構造を解析し，
結晶構造中の陽イオンの秩序度と配列についての多様性と規則性について考察している。  
また，本研究ではイリデッセンスを示すザクロ石中のラメラ組織についても解析している。従
来，このラメラ組織は相転移により形成されたと考えられてきたが，電子顕微鏡等を用いた詳細
な組織解析により，これらの組織が結晶成長により形成されたことを明らかにした。また，この
組織は詳細な成長履歴の情報を有していることを明示した。  
 以上の研究成果は，自立して研究活動を行うに必要な高度の研究能力と学識を有すること
を示している。したがって，中村友梨江君提出の博士論文は，博士（理学）の学位論文とし
て合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
